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amplifiers operating at different frequencies. Preferably, one amplifier controls the signal gain in the IF section 
and another amplifier controls gain in the radio frequency (RF) section. One variable gain amplifier may bej 
controlled based on the strength of the received signals while the other may be controlled based on 
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the gain control signal based on received signal strength is analog based and the control signal received from 
the control system is a pure digital signal substantially immune to noise. 
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POWER CONTROL FOR WIRELESS COMMUNICATIONS SYSTEM 



Background of the Invention 

The present invention relates to mobile telephone and related wireless 
communications systems, and, particularly, to a novel and improved method for 
controlling transmitter power in code division multiple access (CDMA) mobile 
terminals. 

Wireless communications systems, such as cellular telephone systems, 
generally require at least one mobile terminal and any number of base stations to 
provide full duplex communications between the mobile temninal and the base 
station providing the best communication path. Typical mobile communications 
are accomplished using CDMA spread-spectrum communication signals. Such 
techniques allow the frequency spectrum to handle multiple transmissions, 
thereby significantly increasing communication capacity. In CDMA systems, 
proper control of transmitter power for each mobile terminal is required to reduce 
interference with other users and further increase system capacity. 

During operation, the distance between a mobile terminal and a base 
station may constantly change, and the particular base station through which 
communications are facilitated may also change. Furthermore, ground-based 
mobile communications systems are subject to signal propagation losses due to 
interference from other communications systems, changed in landscape, and 
physical structures. Given the constantly changing and unpredictable 
environment in which communications are provided, a mobile terminal must 
constantly control its transmit power to ensure sufficient signal strength to transmit 
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signals to the base station as well as minimize interference with other systems 
and communication channels. 

Mobile terminals generally control their transmit power based on power 
control commands received from the base station and the strength of signals 
received from the base station. Additional background infonnation Is provided in 
U.S. Patent No. 5.056.109 entitled METHOD AND APPARATUS FOR 
CONTROLLING TRANSMISSION POWER IN A CDMA CELLULAR MOBILE 
TELEPHONE SYSTEM, the disclosure of vyhich is incorporated herein by 
reference. 

As noted, transmit power is typically controlled using commands from the 
base station and the strength of the received signals via gain signals provided to 
one or more variable gain amplifiers operating in the temriinal's intermediate 
frequency (IF). The commands from the base station are generally processed by 
the mobile temninal's receiving circuitry and control system and typically provide a 
method of fine tuning the terminal's transmit power level. Corjtrol based on 
received signal strength typically provides a method of coarse tuning the 
temninal's transmit power level. 

Typically, a mobile temiinal has an automatic gain control (AGO) detector 
configured to provide a gain control signal based on the signal strength of 
received signals. The gain contnDl signal is also provided to a variable gain 
amplifier operating in the intemiediate frequency. Generally, both of these gain 
control signals are provided in analog fomn to a single variable gain amplifier with 
multiple gain controls or separate amplifiers having a single gain control. U.S. 
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Patent No. 5, 056.109, mentioned above, provides a system configured with dual 
variable gain amplifiers, both operating in the IF range under analog control. 

Cun^ently. mobile temninals have relatively large power control 
requirements necessitating precise control throughout a wide range of operation. 
These terminals provide more and more processing abiirty In smaller packages. 
As the tenninals become smaller, provide more processing power, and are 
required to operate over widely varying power levels, isolating highly sensitive 
gain control signals from noise and other signal components stemming from 
analog and digital circuitry becomes more difficult. As the terminals continue to 
decrease in size, and the terminal's electronics become more integrated, design 
techniques of the prior art will have difficulty achieving precise control over wide 
operating ranges. Furthermore, providing a single integrated circuit solution for a 
terminal's transmitter electronics would be difficult to implement. 

Thus, there Is a need for an improved transmission power control technique 
for mok^ile terminals. There is a need to provide greater Isolation of gain control 
signals from the ever-increasing number of digital and analog signals present in 
telephone electronics and integrated circuits, as well as a need to decrease the 
sensitivity of gain control signals for the various variable gain amplifiers in these 
systems. 

Summary of the Invention 

Power control circuitry of the present invention cooperates with the 
transmitting section of a mobile terminal to provide gain control for variable gain 
amplifiers operating on signals of different frequencies. Preferably, one variable 
gain amplffier controls the gain of signals in the signal transmission path in the IF 
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section and another variable gain amplifier c»ntrols gain in the signal transmission 
path in the radio frequency (RF) section. One variable gain amplifier may be 
contnDlled based on the strength of the received signals while the other may be 
controlled based on connmands from the base station. In addition, one or both of 
the amplifiers may optionally be controlled in whole or in part based on calibration 
and/or alignment settings established during manufacturing. Preferably, the gain 
control signal based on received signal strength is a pure digital signal 
substantially Immune to noise and the control signal received from the control 
system is analog based. Amplifiers receiving the digital control signal are 
configured to provide a corresponding amplifier gain. 

These and other aspects of the present invention will become apparent to 
those skilled in the art after reading the follov^rtng description of the preferred 
emtx)diments when considered with the drawings. 

Brief Description of the Drawings 

FIGURE 1 is a block schematic of a prior art embodiment of a mobile 
telephone. 

FIGURE 2 is a block schematic of a first preferred embodiment of a mobile 
telephone configured according to the present invention. 

FIGURE 3 is a block schematic of a second prefen-ed embodiment of a 
mobile telephone configured according to the present invention. 

FIGURE 4 is a block schematic of an alternative embodiment of the 
present invention. 

Detailed Description 
In the following description, like reference characters designate like or 
corresponding parts throughout the several figures. Referring now to the 
drawings in general, and Figure 1 in particular, it will be understood that the 
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illustrations are for the purpose of describing preferred embodiments of the 
invention and are not intended to limrt the invention thereto. In order to better 
undet^tand the invention and appreciate the improvements In mobile 
communications provided thereby, an overview of the stateof-the-art prior to 
applicants' invention is provided with reference to Figure 1 . For clarity, the 
present discussion will assume that the wireless communications mobile temilnal 
IS a cellular telephone. However. It is to be understood that other wireless 
communications devices, such as personal communications assistants, and the 
like are also within the scope of the present invention. 

As discussed above, a mobile communications temninal Tmobile terminal"), 
such as a cellular telephone and generally designated 10. usually includes 
circuitry capable of providing full duplex communications between the mobile 
terminal and one of any number of base stations within a given proximity. During 
operation, the mobile temilnal 10 generally receives a pilot signal, set up channel 
signals, and address signals using antenna 12. and analog and/or digital receiving 
circuitry. Typically, the receiving circuitn^ will amplify and down-convert received 
RF CDMA signals to IF using any number of amplifiers (not shown) and a down 
converter 14. The IF signals are coupled to a band-pass filter 16 where frequency 
components outside the IF band are removed. After filtering, the IF signals are 
provided to a variable gain IF (receive) amplifier 1 8 where the signals are 
amplified to a nominal level. The output of the IF (receive) ampl'^er 18 is provided 
to digital receive circuitry 20 for various digHal signal processing operations, 
including extracting data and voice Infonmation. 
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The receive circuitry Is also configured to measure the combined power of 
the receive signals In onJer to generate a feedback signal for controlling transmH 
power. The feedback signal is generated by an automatte gain control (AGC) 
detector 22, which also receives the Altered signals output from the IF (receive) 
amplifier 1 8. In addition to controlling transmit power, the feedback signal may 
also be used to control the gain of the IF (receive) amplifier 18 to ensure proper 
voltage levels into the receive circuitry 20. The AGC detector 22 generates a gain 
control signal which is coupled to a gain control input of an IF variable gain 
amplifier (VGA) 24 located in the mobile tem-inal's signal transmission path. 

A control system 26 is associated with the digital receive circuitry 20 to 
receive data and provide the signal processing described above and additional 
signal processing on data received from the incoming signals. In certain 
embodiments, the control system 26 provides an analog control voltage, typically 
by filtering a serial bit stream, to control an additional IF variable gain amplifier 25, 
which is also located in the mobile temiinal 's transmisston path. 

Although the IF variable gain amplifiers 24. 25 in the transmission path are 
Shown in separate units, these amplifiers may be combined Into a single variable 
gam amplifier with two control inputs for receiving the gain control signals from the 
control system 26 and the AGC detector 22. Gain control from the control system 
26 is based on commands receded from the base station wherein gain control 
from the AGC detector 22 is a function of the strength of the receive signals. 

Many modem wireless communicaflon systems use quadrature modulation 
,0 up^nveri data for transmission to an IF ranging anywt^ere from 1 MHz up to a 
couple of hundred megahertz. The transmission cirouitnr in such an embodiment 
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typically includes a local oscillator 30 having a frequency which is preferably twice 
that of the desired IF driving a 90 degree quadrature phase shifter 32, which 
drives two double-balanced mixers 34. 36. Data to be transmitted is provided to 
the Q and I inputs of the double-balanced mixers 34, 36, respectively. The Q' and 
r inputs receive the complement of the Q and I input data, respectively. The 
outputs of the double-balanced mixers 34, 36 are summed by summing circuitry 
40 to provide a quadrature signal modulated by the IF. This signal Is 
subsequently amplified by the IF variable gain amplifiers 25. 24 and modulated to 
RF using a cellular or PCS local oscillator 42 and another double-balanced mixer 
44. The resulting RF signal may be further amplified by fixed gain amplifier 46 
and transmitted via antenna 12. 

As described, the control system may provide gain control based on power 
level commands received from the base station, and the AGC detector 22 may 
provide further gain control based on the power level of the received signals. The 
problem with the akx)ve-described prior art embodiment using one or two variable 
gain amplifiers in the IF section are two fold. First, the ever-increasing need to 
minimize circuit layout and integrate electronics for smaller and more compact 
telephones makes it difficult to isolate the input signals to the variable gain 
amplifiers from the gain control signal. Such leakage not only negatively affects 
transmission response, but also limits the available range because the noise 
effectively defeats part of the amplifiers' operating range. Second, today's phones 
require ever-increasing operating range control. 

Currently, the amount of control range required to respond to the standard 
phone request is 85 dB. This 85 dB operating range does not take into account 



a,>gn™n. and caUbration during n-anufaCuring. It .s not unoo-n^n forfacton, 
caUbratlon adiustn,en.s .o be 20 dB or .ore for dual-band telephones. W,t. «,e 
standao. phone request range of 85 dB and an addUiona, 20 dB necessary for 
oanbratlon, th. telephone, ope.tlng range ,u,c.y exceeds 105 dB. This number 
may increase as mobile communications increase. 

,n essence, mobile telephones are becoming more and mere integrated 

,evei o, integration continues to increase. Currently, dedicated surface-mount 
integrated circuits and other electronic components are being placed Coser and 
Coser to one another. In the near future, dedicated integrated ci^uits v.,, provide 
,a,gesections,ifno.all.ofthe.,.nsmissionreceivingeiect.nics. Fu,them,ore, 

,.ese telephones are becoming more and more sophisticated and require 
sign.cant amounts o, data and dlg^al signal processing. As the phones become 
smaller, more and more signals of varying frequencies and types are forced closer 
.ogethor. When this occurs, present circuMesiQOS Will no, p^vide the necessary 

isolation for reliable operation. 

Of primary concern for this Invention is the transmR IF variable ga,n 
ampr,e. 24 and as of the Prior aK and the respecuve ..cuitry providing gam 

control which cause sensitivity and isolation problems. If the circuit is 

quires a gain cont.1 signa, highly suscepUble to noise given the K.h amount of 
sensnivny required for operaUon. if mu.ip.e IP VOAs are used, the sensn,v,^ for 
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Signal at the input of the tet VGA may contaminate the transmrt signal output of 

the second VGA. 

Applicarts' solution reduces sensitivity for gain contml signals while 
p^vldlng gain control over the large operational range required by mobile 
communications. The solution requires at least two vanable gain amp,if,ers, each 
of Which operates to amplify signals of diffemnt stages or frequencies. In 
particular, one variable gain amplifier operates in the IF stage while the other 
operates In the RF stage. For the sake of condseness and ease of comparison, 
.ne basic block diagram of the prior art shown in Figure 1 Is modified «^th an 
embodiment exemplary of the Inventive concept pmvlded by the applicants in 
Figure2andF,gu,e3. ,n essence, an IF (transmit) vartable gain amplifier 50 ,s 
placed in the transmission path at the IF stage and an RF vaHable gain amplHler 
52 is placed in the transmission path In the RF stage after the signal to be 
transmltted is modulated by the cellular or PCS local oscillator 42 and mixer 44. 
An optional IF filter 54 is shown in me transmission path before the RF stage for 
fiKering out spurious frequency components occumng outside the desired signal's 
bandwidth. 

importantly, control for *e IF (transmit) variable gain amplifier 50 and the 
RF variable gain amplifier 52 are provided by separate clrcultn.. Ideally, both gain 
eon,K>l signals wouW be digtel because full dig«al gain control is h'^h.y tolerant of 
sunounding noise and spurs. However, full dig«a, control may not be possible ,n 
all Situations. In particular. It may be necessary to implement fast rasponse ga,n 
control using an analog control signal to avoW Incumng undue ttme delays In VGA 
response. Accordingly; the present invenUon will be Illustrated with one gain 



Signal being digital and the other being analog, although both may be analog or 
both may be digital. Thus, at least one of the variable gain amplifiers (either 1 F 
(transmit) or RF) should be configured to receive the digital signal and provide a 
corresponding gain. Preferably, the IF (transmit) variable gain amplifier is 
configured to provide the majority of the system's operating range since it is easier 
to achieve isolation at the intemiediate frequencies (IF) than the higher, radio 

frequencies (RF). 

In the embodiment shown in Figure 2. the IF (transmit) variable gain 
amplifier 50 receives a gain signal provided by the AGC detector 22 While the RF 
variable gain amplifier 52 receives gain control from the control system 26. In this 
embodiment, the output from the AGC detector 22 is a digital signal while the 
output from the control system 26 is an analog signal. It is anUcipated that the 
power level change command from the base station will be a one bit command 
limited to either up one level or down one level. Thus, the processing of this 
power level command by the digital receive cirouitry 20 may be extremely fast and 
the command may be fonvarded to the control system 26 van/ quickly. Inside the 
control system 26 the power level command from the base station may be 
interpreted and the output from the control system 26 to the IF (transmit) variable 
gain amplifier 50 may very quickly undergo a digiUI to analog conversion internal 
to the control system 26. tt should be noted that when the RF variable gain 
amplifier 52 is under digital control, it may not be necessary for the RF variable 
gain amplffier 52 to have infinitely variable gain control, a series of discrete steps 
of allowed gain may be sufficient. 
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Figure 3 depicts a variation on the inventive coricept v.herein*e RF 
variable gain amplffier 52 Is used to respond to gain conlml emanating from the 
AGC detector 22 while the IF (transmit) variable gain ampimer 50 responds to gain 

control from the control system 26. 

Gain throughout the system can be proportioned as desired to provide 
sufncient sensnivity and control responsive to changes in the receive signal and/or 
command received fr>m a base station. For example, if the necessary gain 
burden Is 1 10 dB, a designer could delegate 55 dB for the digital interface at 
either the IF or RF stage and 55 dB for the analog interface at the other 
frequency. The gain burden may be split into any ratio so long as the noise 
problems are reduced and gain control is provided over the desired operating 
range. Thus, the gain for one section may be 10, 20, 30. 40, 50. 60. 70, 80, 90 
dB, etc.. with the gain for the remaining section making up for the overall control 
range. 

,n addition, the control signals for the variable gain amplfflers 50,52 may be 
based at least partially upon calibration and/or alignment adjustments ("calibrBtion 
type information-), such as those set by the temiinal's manufacturer. This 
calibrauon type infonnatton may be Input to the control system 26 via an auxiliary 
input 60 (see Figure 2) and/or to the AGC detector 22 (see Figure 3), or to etther 
Via a switch (not shown) downstream fmm the auxiliary input 60. The control 
Signals which are at least partially based on the calibration infomtation are not 
necessarily routed only to the RF variable gain amplifier 52. but may instead, 
depending on the configuration, be routed to the IF (transmit) variable gain 
ampimer 50, or to both variable gain amplifiers 50,52. The auxiliary input 60 may 
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be anything from a keypad to a input port responding to calibration and alignment 
data during the manufacturing process. This calibration type infonnation is 
typically used to create more terminal to tenninal uniformity in transmit power 
profiles; it is not anticipated that the amount of gain imparted according to this 
calibration type infomiation will change during nomial operation. 

In an alternative configuration shown in Figure 4, the control signals from 
the AGC detector 22 and the control system 26 are both routed to one or the other 
of the variable gain amplifiers 50,52, in the case shown the IF (transmit) variable 
gain amplifier 50. The particular variable gain amplifier receiving such control 
signals should be capable of receiving and responding to two control inputs, 
preferably including a digital input and an analog one. The gain of the other 
variable gain amplifier, in the case shown the RF variable gain amplifier 52. is set 
in accordance with the calibration type infomiatlon from the auxiliary input 60. 
Thus, the control signals from the AGC detector 22 and/or the control system 26 
control the gain at one frequency (IF) while the calibration type information 
controls the gain at another frequency (RF). Naturally, the configuration could be 
swapped from that shown in Figure 4 such that the calibration type infonnation 
controls the IF (transmit) variable gain amplifier 50. while the control signals from 
the AGC detector 22 and the control system 26 control the RF variable gain 
amplifier 52. 

The Telecommunications Industry Association Interim Standard IS-95 
CDMA standard for mobile communications cun-ently provides an 85 dB control 
range controllable in 1 dB steps. The standard is very sensitive to output control 
and any steps towands reducing response variation based on noise is significant. 
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For example, typical systems may include a 45 dB/V sensitivrty. which is relatively 
large. A 10 millivolt noise signal would cause a 0.45 dB variation of AM power 
modulation. For calibration and alignment purposes, another 20 dB of range is 
generally necessary and increases the sensitivrty of the system to 55 dB/V. With 
the current invention, the gain burden can be split between the digital and analog 
control signals. For example, modifying the above-mentioned system according 
to the present invention and splitting the gain burden with 55 dB reserved for the 
digital interface at one frequency and 50 dB for the analog interface at another 
frequency, the analog sensitivity is reduced to 25 dB/V. and the same 10 millivolt 
signal would only provide a 0.25 dB disturbance, as opposed to 0.45 dB. The 
0.2 dB reduction is significant. As the capacrty of the lS-95 CDMA standard is 
very sensitive to output power control, as Indicated by the required 85 dB control 
range controllable in 1 dB steps, it is important to minimize any change to the 
desired output power due to noise getting on the control line. 

One could further reduce the sensitivity by assigning 20 dB to the analog 
controlled variable gain amplifier and 85 dB to the digital controlled variable gain 
amplifier. In this case, the digital interface would be immune from noise, and the 
analog sensitivity would be reduced to 10 dBA/. The same disturbance in this 
case would only add a 0.1 dB response variation to a 10 millivolt signal. The 
flexibility of apportioning gain In a highly integrated solution between digital and 
analog control at different frequencies Is key to a phone designer working in ever 

increasingly smaller spaces. 

This problem has not been appreciated or addressed by designers of 
application specific integrated circuits (ASIC) and mobile temilnals prior to this 
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point. The industry did not understand the risk provided to the capacity of the iS- 
95 standard by regulating output power with an overly sensitive analog control • 
signal, especially one controlled by a 2-volt control signal range. Furthermore, 
until Applicants' invention, an integratable solution to on-chip isolation problems 
had not been previously addressed in an adequate fashion. In integrated circuit 
embodiments, the local oscillator 42 may be integrated with or separate from a 
package containing amplifiers 50 and 52. 

Applicants' invention provides a design capable of being implemented not 
only in a multicomponent embodiment, but also a fully integrated solution wherein 
amplifiers of different frequencies may be integrated on a single chip that may 
also include mixers, local oscillators, digital circuitry, or any other control or 
communications circuitry. Any number or combination of mixers, amplifiers, and 
control circuitry may be implemented in a single integration using applicants' 
circuitry design and control technologies. Those skilled in the art will recognize 
that integration may be proN^ded at varying levels to include varying combinations 
of circuit elements. Importantly, prior to applicants' invention, successful 
integration of substanUal portions of a mobile telephone's transmission circuitry 
would have been far less than optimal. 

Certain modifications and improvements will occur to those skilled in the art 
upon reading the foregoing description. It should be understood that all such 
modifications and improvements have been omitted for the sake of conciseness 
and readability, but are properly within the scope of the following claims. 
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Claims 



1 . A transmission power control circuit for controlling transmission 
signal power for a mobile terminal in a wireless communications system in 
which users comnriunicate using spread spectrum communications via mobile 
terminals and at least one base station, each mobile terminal including an 
antenna and a receiver, said power control circuit comprising: 

a. a signal path in the mobile tenninal amplifying a signal to be 
transmitted, said path having a first portion for said signal gain 
controlled at a first frequency and a second portion for said signal 
further gain controlled at a second frequency; 

b. a first variable gain amplifier for amplifying signals operating 
about the first frequency in said first portion of said signal path, 
said first variable gain amplifier having a gain control input and 
adapted to provide amplification gain proportional to a first 
control signal received at the gain control Input; 

c. a second variable gain amplifier for amplifying signals operating 
about the second frequency in said second portion of said signal 
path, said second variable gain amplifier having a gain contnDl 
input and.adapted to provide amplification gain proportional to a 
second control signal received at the gain control input; and 

d. one of said first or second control signals being responsive to 
relative power levels of signals received by the mobile terminal's 
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receiver and the other of said first or second control signals 
responsive to power level commands. 
2 The mobile tem^lnal power control circuit o. claim 1 wherein said circuit 

ampime., said mixer configured to a«er the ..guency of said signals in said 
signal path fmm the first frequency to the second frequency. 

3. The mobile terminal power cont^i circuit of claim 1 wherein the first 
frequency Is an lntem,edia.e frequency used for spread spectrum 

communications. 

frequency is a radio frequency. 

5 The mobile terminal power contml circuft of claim 1 wherein the fi^t 
frequency is an intermediate frequency used for spread spectrum communication 
and the second frequency is a ^io frequency for final transmission. 

6 The mobile tem,ina, power control ci,cuR of daim 1 wherein said first 
variable gain amplifier receives said cont.1 signal responsive to power level 

responsive to relative power levels of signals received by the mobile tem,inal 's 

receiver. . . r ♦ 

y The mobile terminal power cont^l circuit of claim 1 wherein sa,d first 

amplifiers are integrated into a single integrated circuit chip. 
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8. The mobile terminal power control circuit of claim 2 wherein said flrst 
and second portions of said signal path, said Srst and second variable gain 
amplifiers, and said mixer are integrated into a single integrated circuit chip. 

9. The mobile tem,inal power control circurt of claim 1 wherein said first 
variable gain amplifier is a analog controlled variable gain ampi^er and said 
second variable gain amplifier is an digital controlled variable gain amplifer, said 
flr^t variable gain amplifier adapted to provide a gain proportional to the power 
,evel commands received by tt,e terminal, and said second variable gain amplffier 
adapted to provide a gain p-oporiional to relative power levels of signals received 

by the mobile temiinal's receiver. 

10. The mobile temiinal power control circuit of claim 1 wherein said first 
variable gain amplifier is a digitally contmlled variable gain amplifier and said 
second variable gain amplifier is an analog controlled variable gain amplifier, said 
first variable gain amplifier adapted to pmvWe a gain proportional to the power 
level commands received by the temiinal. and said second variable gain amplifier 
adapted to provide a gain proportional to relative power levels of signals received 

by the mobile terminal's receiver. 

1 1 . The mobile temiinal power control circuit of claim 1 wherein the power 
level commands are based on power control signals originating from the base 

station. 

12. The mobile tem,lnal power control circuit of claim 1 wherein the contml 
Signal to said first variable gain amplifier depends at least in part upon calibration 
or factory alignment information. 
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1 3. The mobile terminal power control circuit of claim 1 wherein the mobile 
tem.in3l includes processing circuHry providing the control signals corresponding 
,0 power level commands, said second variable gain ampllfer receiving control 
Signals based on said control signals from said processing circuitry. 

14. The circuit of claim 1 wherein the gains for said variable gain amplifiers 
are allocated to provide an overall variable gain having a range adequate for 
mobile operauon and the gain for said variable gain amplifier corresponding to 
power level commands is variable over a range allowing for calibration of the 
mobile device to compensate for component variation in manufacturing. 

15. A power amplification circuit in a mobile communications device 
comprising: 

a. a power amplification signal path in a mobile communications 
device for amplifying a mobile communication signal to be 

transmitted; 

b. a digital controlled variable gain amplifier in said signal path; 

c. an analog controlled variable gain amplifier in said signal path; 

d. said digital controlled variable gain amplifier having a digital gain 
control input and adapted to provide a gain proportional to a 
digital value received at the digital gain control input; and 

e. said analog controlled variable gain amplifier having at. analog 
gain control input and adapted to provide a gain proportional to 
an analog signal received at the analog gain control input. 

16 The Circuit of claim 1 5 wherein the gains for said digital and analog 
controlled variable gain ampl^ers are proportioned to provide an overall variable 
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gain having a range adequate for mobile operation and said digital controlled 
variable gain amplifier's gain is variable over a range allowing for calibration of the 
mobile device to compensate for component variation in manufacturing. 

17. The mobile terminal power control circuit of claim 15 wherein said 
circuit includes a mixer in said signal path between said first and second variable 
gain amplifiers, said mixer configured to alter the frequency of said signals in said 
signal path from the a frequency to a second frequency. 

18. The mobile terminal power control circuit of claim 17 wherein the first 
frequency is an intemiediate frequency used for spread spectrum 
communications. 

19. The mobile terminal power control circuit of claim 18 wherein the 
second frequency is a radio frequency for final signal transmission. 

20. The mobile terminal power control circuit of claim 19 wherein the 
digital controlled variable gain amplifier operates about the first frequency and the 
analog controlled variable gain control amplifier operates about the second 
frequency. 

21 . The mobile temiinal power control circuit of claim 19 wherein the 
analog controlled variable gain amplifier operates about the first frequency and the 
digital controlled variable gain control amplifier operates about the second 
frequency. 

22. The mobile tem^inal power control circuit of claim 15 wherein said 
digital controlled variable gain amplifier Is adapted to receive gain control signals 
responsive to relative power levels of signals received by the mobile terminal's 
receiver. 
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23. The mobile terminal power control circuit of claim 15-wherein said 
analog controlled variable gain amplifier Is adapted to receive gain control signals 
corresponding to power level commands. 

24 A transmission power control method for controlling 
transmission signal power for a mobile temiinal in a wireless communications 
system in which users communicate using spread spectrum communications 
via a mobile terminal and at least one base station, each mobile temninal 
including an antenna and a receiver, said method comprising: 

a. providing a signal path in a mobile communication device for 
amplifying a signal to be transmitted, said path having a first 
portion for the signal gain controlled at an intemiediate frequency 
and a second portion for the signal further gain controlled at a 
final radio transmission frequency; 

b. amplifying signals operating about the intemnediate frequency in 
said first portion of said signal path In response to power level 

i 

commands; and 

c. amplifying signals operating about the final radio transmission 
frequency in said second portion of said signal path in 
proportional response to relative power levels of signals received 
by the mobile terniinal's receiver. 

25. An integrated circuit providing for transmission power level control in a 
wireless communications system mobile temninal. said integrated circuit 
comprising: 

a. an integrated circuit package; 
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b. a signal path in said package for amplifying a signal to be 
transmitted, said path having a first portion for the signal gain 
controlled at a first frequency and a second portion for the signal 
further gain controlled at a second frequency; 

c. a first variable gain amplifier for amplifying signals operating 
about the first frequency in said first portion of said signal path, 
said first variable gain amplifier having a gain control input and 
adapted to provide amplification gain proportional to a first 
control signal received at the gain control input; 

d. a second variable gain amplrfier for amplifying signals operating 
about the second frequency in said second portion of said signal 
path, said first variable gain amplifier having a gain control input 
and adapted to provide amplification gain proportional to a 
second control signal received at the gain contnDl input; and 

e. one of said first or second control signals being proportional to 
relative power levels of signals received by the mobile terminal's 
receiver and the other of said first or second control signals 
corresponding to pov\^er level commands. 

26. The integrated circuit of claim 25 further including a mixer in said 
signal path between said first and second variable gain amplifiers, said mixer 
configured to alter the frequency of said signals in said signal path from the first 
frequency to the second frequency. 
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27. The integrated circuH of claim 25 wherein the first freQuency is an 
intermediate frequency used for spread spectrum communications and the second 
frequency is a radio frequency for final transmission. 

28. The integrated circuit of claim 25 wherein said first variable gain 
amplifier receives said control signal corresponding to power level commands and 
said second variable gain amplifier receives said control signal proportional to 
relative power levels of signals received by the mobile terniinal's receiver. 

29. The integrated circuit of claim 25 wherein said first variable gain 
ampimer is a analog controlled variable gain ampimer and said second variable 
gain ampl«ier is an digital controlled variable gain amplffier, said firs, variable gain 
ampllfler adapted to provide a gain proportional to the power level commands 
received by the .em,lnal, and said second variable gain amplifier adapted to 
provide a gain pmportional to relative power levels of signals received by the 

mobile temninaVs receiver. 

30. The integrated cirouit of claim 25 wherein said first variable gain 
amplifier is a digitally controlled variable gain amplifier and said sebond variable 
gain amplifier is an analog controlled variable gain amplifier, said first variable 
gain amplifier adapted to provide a gain proportional to the power level commands 
received by the temiinal, and said second variable gain ampimer adapted to 
p„,vide a gain pmportional to relative power levels of signals received by the 

mobile terminal's receiver. 

31 . A transmission power control circuit for controlling transmission 
signal power for a mobile terminal in a wireless communications system in 
which users communicate using spread spectrum communications via a 
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mobile terminals and at least one base station, each mobile temrtlnal including 
an antenna and a receiver, said power control circuit comprising: 

a. a signal path In the mobile terminal amplifying a signal to be 
transmitted, said path having a first portion for said signal gain 
controlled at a first frequency and a second portion for said signal 
further gain controlled at a second frequency; 

b. a first variable gain amplifier for amplifying signals operating 
about the first frequency In said first portion of said signal path, 
said first variable gain amplifier having a gain control input and 
adapted to provide amplification gain proportional to a first 
control signal received at the gain control input; 

c. a second variable gain amplifier for amplifying signals operating 
about the second frequency in said second portion of said signal 
path, said second variable gain amplifier having a gain control 
input and adapted to provide amplification gain proportional to a 
second control signal received at the gain control input; 

d. an auxiliary input for Inputting calibration type infomiation; and 

e. one of said first or second control signals being responsive to 
relative power levels of signals received by the mobile terminal's 
receiver and the other of said first or second control signals 
con-esporiding to said calibration type infomiation. 

32. The mobile temiinal power control circuit of claim 31 wherein said 
control signal responsive to relative power levels of signals received by the mobile 
terminal's receiver is further responsive to power level commands. 
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33 The mobile ten^inal power contm. dmuit of claim 31 wherein the first 
..equency Is an intermediate frequency used for spread spectrum communications 
and the second frequency is a radio frequency for flnal transmission. 

34.The mobile terminal power cont^i circuH of claim 31 wherein said first 
variable gain ampimer receives said control signal responsK,e to power level 

corresponding to said calibration type infomiation. 

35 The mobile tem,inal power control cin=uit of claim 31 wherein said first 
and second porf^ns of said signal path and said frst and second va^abie gain 
amplifiers are Integrated Into a single integrated cimuit chip. 

36 The mobile tem,inal power control circuit of Calm 31 wherein said f,rs. 
vaHable gain amplifler is a analog controlled vadable gain amplifier and sa« 
second variable gain ampimer is an digital controlled variable gain amplifier, sa,d 
first variable gain amplifier adapted to provWe a gain proportional to the power 
,eve, commands received by the tem,inal, and said second variable gain amp,«er 
adapted ,b provide a gain conesponding to said calibration type inforr^ation. 

37 The mobile tem,.nal power contml drcu. of claim 31 wherein said first 
variable gain amplifier ,s a dig«a..y controlled variable gain amplifier and said 
second variable gain ampimer Is an analog controlled varia«e gain amplifier, said 
..t variable gain amplifier adapted to provide a gain pmporiional to the power 
,evel commands received by the .em,lna., and said second variable gain ampimer 
adapted to provide a gain corresponding to said calibration type infonnation. 
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38 The mobite tennina. power control circui, of claim 32 wherein «ne 
power .eve. commands are based on power con... s-.gna,s oHsina«na f^n^he 

base station. 

39 A transmission power control method for controlling 
transmission signal power ior a mobile tem^ina. in a wireless communications 
system in which users communicate using spread spectmm communicafons 
via a mobile tenninal and a. least one base station, each mobile .em,inal 
including an antenna and a receiver, said method comprising: 
a. providing calibration type infomiation; 

b providing a signal path in a mobiie communication device for 
amplifying a Signal to be transmmed, said path having a nrst 

portion for the signal gain controlled at a firs, frequency and a 
second portion for the signal further gain controlled at a second 
frequency; 

c. amplifying signals operating about the firs, frequency in said f,rs. 
- portion of said signal path a. a Hrs. variable gain ampllfler in 
response to power level commands and in response to relative 
power levels of signals received by the mobile .em,inal's 

receiver; and 

d. amplif^ng signals operating about the second frequency in said 
second portion of said signal path at a second variable gain 
ampimer according to said calibration type lnfomna«on. 
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40 The method of claim 39 wherein sa.d f,-.t frequency is ^ intem^ediate 
,.,uency and wherein said seoond frecuenoy is a fna, radio transmission 
frequency. 

41 The method of daim 39 wherein said seoond frequency is an 
iotenr^diate fre,uency and wherein said f.,.t frequency is a fna. radio 
transmission frequency. 

upstream from said second ,»rtion of said signal path. 

43 A transmission power control circuit substantially as 
.ereint>e.ore desorihed with reference to, and as shown in, the accompanyn. 

.poweramp,ificatloncircuitsuhs.antiallyashereinhe,ore 

aescdhed ^ reference to, and as shown in. the accompanying dra«.n.s. 
45 Atransmiss^npowercontro.methodsubsunt.l.yas 

.ereinhefore descdbed with reference to the accompanying drawings. 



26 




Application No: GB 9925582.0 Examiner: D Midgley 

Claims searched: 1-14,24-30 Date of search: 14 March 2000 

Patents Act 1977 

Search Report under Section 17 

Databases searched: 

UK Patent Office collections, including GB, EP, WO &. US patent specifications, in: 
UKCl(Ed.R): H3G GPP.GPXX 
Int CI (Ed.7): H03G 3/20,3/30 
Other: ONLINE:WPI,EPODOC,PAJ 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Relevant 
to claims 


A 


GB 2317283 A (MOTOROLA) See, for example, page 7. lines 1- 
28. 


1,15,24,25 
.31,39 



X Document indicating lack of novelty or inventive step 
Y Document indicating lack of inventive step if combined 
with one or more other documents of same category. 

& Member of the same patent family 



A Document indicating technological background and/or s'-atc A j-.c in 
P Document published on or after the declared priority diie bu . rv:\ :c :hc 

filing date of this invention- 
H Patent document published on or after, but with priorir> ^yx ^ATiic: 

than, the filing date of this application. 



rv 

An Executive .Agency of the l)^; part men i of Trade and Industry 



